For many years, researcher have focused on developing a medical part of human body from polymer as to replace metal. This report described the mechanical characteristic of biodegradable Polycaprolactone (PCL) blend with nano-Montmorillonite (MMT) and Hydroxyapatite (HA). The amount of nano-MMT is varies from 2 to 4 by weight % meanwhile the amount of HA is fixed to 10 by weight percentage (wt %). The addition of nano-MMT and HA filler is to tune and indirectly improve the mechanical properties of PCL. These are proven by carrying out the tensile, and also flexural test for samples which is injected from injection molding machine. Both the tensile and flexural test are conducted using Shimadzu AG-I Unversal Testing Machine with 10kN capacity. From the analysis it is found that overall PCL/MMT/HA composites gives better result in both tensile and flexural analysis compare to PCL/MMT composite. PCL/MMT/HA composite with 2 wt% of MMT and 10 wt% of HA have indicated the highest tensile modulus, meanwhile PCL/MMT/HA composite with 4 wt% MMT and 10 wt% HA have plotted the highest flexural strength and modulus value.
Introduction
Medical practice today has been concern about the existing of implant devices originally created from polymers. According to report by worldwide orthopedic market 2004-2005, the estimated global market for orthopedic devices such as fracture repair, spinal implant and reconstructive devices is in the range of US$25-30 billion [1] . In fact, it leads to stimulate research focuses on producing medical product especially from polymer raw materials. There is a great effort to produce implant material from polymers instead of metal. Since metal has many disadvantage such as the presence of corrosions, fatigue failure of metal alloys, and release of metal ions such as Nickel or Chromium which may cause loosening of the implant, polymer are widely choosen as to replace metal. One of the biocompatible polymer thats getting a higher demand nowdays is Polycaprolactone (PCL).
Polycaprolactone (PCL) is a bioresorbable polymer with potential applications for bone and cartilage repair. PCL has certain advantages relative to other polymers such as PLA (polylacticacid). PCL is more stable in ambient conditions, it is significantly less expensive and is readily available inlarge quantities. Much researcher currently focused on the use of PCL biocomposites and co-polymers of PCL with both natural and synthetic polymers [2, 3] .
Polycaprolactone (PCL) is also used for drug delivery; drug compounds are mixed in the polymer matrix and gradually become released as the polymer is dissolved in the tissue [4, 5] . In the emerging field of tissue engineering, biodegradable polymers are used for realizing polymer scaffolds to assist tissue and cell growth during formation of artificial organs [6] . In such applications, biodegradable polymers have been shown to allow successful cell attachment, proliferation and functioning. PCL, an aliphatic polyester that has been intensively investigated as a biomedical material [7] , demonstrates a low melting point (57 • C) and a low glass-transition temperature (−62 • C). PCL can be degraded by micro-organisms as well as by a hydrolytic mechanism under physiological conditions [8] . Under certain circumstances, it is possible to enzymatically degrade crosslinked PCL (termed enzymatic surface erosion). Low molecular-weight fragments of PCL are also reportedly absorbed by macrophages intercellularly [9] . The PCL material has a significantly slower biodegradation rate than other BDP materials, making it suitable for design of long-term implantable systems such as apronor, a US FDA-approved contraceptive device [10] . Another interesting property of PCL is its propensity to form compatible blends with a wide variety of polymers [11] . The toxicology of PCL has been extensively studied as part of the evaluation of Capronor [10] ; it is currently regarded as non-toxic and tissue compatible.
Methodology
Materials. The biodegradable used in this studies was polycaprolactone, medical grade of BGH600C in a pellets form supplied by Shenzen BrightChina Industrial Co, China.Type of MMT used in this research is Nanomer I.34TCN (modified montmorillonite) nanoclay in a powder form suppled by Nanocor Inc, America . It is specifically designed for extrusion compounding. The mineral and resin form a near-molecular blend with enhanced mechanical properties, especially in the area of heat distortion. Hydroxyapatite (HA Fluka, 3.16 kg/cm 3 ) was purchased from Sigma Aldrich. The specific surface area of the powder, measured by N, absorption (according to the Brunnauer-Emmet-Teller) method was found to be 33.05 m 2 /g , and the particle size is 57.5 nm. Sample preparation.The PCL which is in resin form are mix manually with MMT powder and also HA powder. These uniformly dry-mixed batches are melt-blended in a single screw extruder nanomixer (L/D = 30) with a screw speed of 20 rpm. The temperature profile of the extruder is set as 70, 78, 77 and 70 o C at the fed zone, metering zone and die, respectively. The extruded blends will be cooled in water bath and subsequently, fed to a pelletizer. All the compounded materials were bring to injection section. The tensile and flexural specimens were produced on an injection molding machine with an injection temperature between 40 0 C -80 0 C. Injection pressure was set to 140 MPa and its varies along with content of HA. ISO 178) . Flexural test will be carried out using the Llyod machine according to the ISO 178 standard, three point bending system. A cross-head speed of 5 mm/min are used with a span of 50 mm. The calculation for flexural modulus and strength are as stated in Eq. 1 and 2. 
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Result and Discussion
The elastic modulus of PCL/ MMT composite and PCL/MMT/HA composite is shown in Fig. 1 . In the case of PCL/ MMT there are slightly incerement in the elastic modulus with reinforcing 2 wt% MMT. However the value of elactic modulus decreases as the wt% of MMT increase. It is found that overall the improvent of elastic modulus are minor as the highest elastic modulus recorded is 146.43 MPa compare to the pure PCL where the value is 144.15 MPa. In the case of PCL/MMT/HA composite, elastic modulus of 2 wt% increased rapidly from 144.2 MPa to 155.6 MPa. These value were higher compared to PCL/MMT indicating that HA structure working on interfacial adhesion between PCL and MMT. However, the elastic modulus of PCL/MMT/HA decreases as the amount of MMT increseases to 3 wt%. This is because the loading is mainly bond by the matrix in the case of reinforce composites. When certain particles disperse in the matrix, it impedes the movement of molecular chains in the matrix [12] . This explains why the PCL composite containing 10 wt% HA and 2 wt% MMT was higher than the pure PCL. But as the amount of filler increases the modulus decreases due to the presence of large agglomerates forming defects acting as crack initiation sites. The trend obtained is in agreement with study reported on HA as filler in polymer composite. The poor strength properties result may be attributed to the agglomeration of HA particles in the composite which insufficiently dispersed in the matrix [13] . It is also reported that agglomeration of HA particles either in the condensed state or the intermediate state may not be sufficient to improve the mechanical properties [14] . The values incerase as the amount of MMT is increase. The highest result of flexural strength recorded is 31.05 MPa meanwhile the highest flexural modulus is 185.10 MPa. The modulus of the composites clearly reveals that HA was effectively reinforced with PCL blends and demonstrates the stiffening effect of HA particles. The increment of modulus is expected, as it is well known that HA has higher rigidity than the polymer, and a similar trend observed also reported by other studies [15, 16] . The trend is also consistent with previous studies who investigated on the effect of HA on PE composites [17] . Thus it is believed that the increased in the modulus is due to the HA particle which is wetted by the polymer surrounding it restricting the mobility and deformability of the matrix by hindering the movement of polymer molecules. 
Conclusion
The addition of MMT and HA does actually worked well in improving the mechanical properties of PCL. It is obvious that PCL/MMT/HA composites gives a better options compare to PCL/MMT as it produce a higher Elastic Modulus, Flexural Modulus and also Flexural Strength. Composites with 2 wt% of MMT and 10 wt% HA shows the best elastic modulus meanwhile composites with 4 wt% MMT and 10 wt% HA shows the best flexural strength and modulus. Good interaction between the blend components is one factor leads to a synergistic effect and contribute to strength enhancement.
